Using event-by-event fluctuations, we study the diffusion parameters of net-charge, net-pion, netkaon, and net-proton in the heavy-ion jet interaction generator (HIJING), and ultra-relativistic quantum molecular dynamics (UrQMD) models at different collision energies √ s N N available at BNL Relativistic Heavy Ion Collider (RHIC). The diffusion parameter (σ) of net-charge and identified particles are estimated in rapidity space at various √ s N N . It is observed that, the σ values are independent of collision energies but emphasises the particle-species dependence of diffusion coefficient in the QGP medium. The present work on particle-species dependence of diffusion coefficient provides a baseline for comparison with the experimental data.
I. INTRODUCTION
Event-by-event fluctuations of conserved quantities such as net charge, net baryon number etc. are widely studied in heavy ion collisions to understand the QCD phase transition [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . The variation of collision centrality, total energy deposition, variation in number of participant nucleons and baryon stopping in each and every collision causes these fluctuations. The strength of the measured fluctuations depends upon the survival probability in the QGP medium. However the fluctuations created in the initial state in heavy-ion collisions may survive during the hadronization process as the fireball expands very quickly [1] . The strength of such fluctuations differ from their equilibrium hadron gas state towards initial values, typical for QGP [1, 2] if the relaxation time happens to be shorter than the lifetime of the hadronic stage of the collisions. The relaxation time scales of the fluctuations of different lengths or range in rapidity spaces are different. Since relaxation can only proceed via diffusion of the charge, the long-range fluctuations relax slower. The relaxation time grows as a square of the measured rapidity range [9] . Thus the fluctuations of the total charge in a wider rapidity window relax slower. The minimal rapidity window we can consider must be much larger than the mean rapidity change of a charged particle in a collision, δy coll . It is observed that, the typical δy coll for the baryon and electric charge is of the order 0.2 and 0.8, respectively. A large acceptance detector such as ALICE, STAR can be considered as the idealized limit of rapidity windows much broader than δy coll . This can certainly be a reasonable acceptance to study the diffusion of the net-charge and identified particles.
One of the primary goals of the Beam Energy Scan * Electronic address: vkr.singh@vecc.gov.in † Electronic address: dkmishra@barc.gov.in ‡ Electronic address: za@vecc.gov.in (BES) program at RHIC is to explore the QCD phase diagram and transport properties of nuclear matter at different collision energy (indirectly varying temperature(T ) and net-baryon (µ B ) density). The baryon chemical potential can reach upto µ B ∼ 400 MeV at lower collision energies available at RHIC. A strong gradients in the chemical potential of conserved charges are expected at such lower energies. Hence, lower energy beam scan at RHIC can be useful to explore the properties of charge particle diffusion of nuclear matter which were out of reach in high energy collisions.
The conservation laws limit the dissipation of the fluctuations which suffer after the hadronization has occurred. It is observed that these fluctuations may also get diluted in the expanding medium due to the diffusion of particles in rapidity space [9] [10] [11] . The hadronic diffusion from time of hadronization τ 0 to a freeze-out time τ f can dissipate these fluctuations. It is argued, one can observe the reduction of the fluctuation in QGP phase only if the fluctuations are measured over a large rapidity range [9] . The QGP suppression of the charge fluctuation is not observed in the experimental data, while the suppression of charge fluctuations observed in experimental data is consistent with the diffusion estimates. Both the suppression are crucially different from each other. While the QGP suppression is the history effect, the critical fluctuations are the equilibrium fluctuations pertaining to the freeze-out point, and the diffusion is necessary to establish them [12] .
Earlier efforts were made to estimate the fluctuation strength and diffusion parameter, σ using net-charge of all-inclusive particles from a transport model and HRG model [13] . Recently we have estimated net-charge fluctuation strength of different identified particles [14] . However, the contribution of different identified particles to dilution of measured fluctuation strength and diffusion parameters may be different. It would be interesting to study the diffusion coefficient of different conserved charges in heavy-ion collisions. In Ref. [15] , all diffusion coefficient matrix for baryon, electric charge and strangeness has been calculated using kinetic theory. The diffusion coefficient has also been calculated using netcharge fluctuations in heavy-ion data at LHC [11] .
In this paper, we have calculated the diffusion coefficient parameter of identified charged particles, mainly for net-pion, net-kaon, and net-proton using a transport model UrQMD, and HIJING model which will serve as the baseline for experimental measurement. The paper is organized as follows. In the following section, we describe the formalism used to calculate the fluctuation strength. In Sec. III we discuss HIJING and UrQMD model briefly. In Sec. IV, we discuss our estimated results on diffusion coefficients for identified particles. We finally summarise our findings in Sec. V.
II. MEASURES
The collisional volume can not be directly measured in heavy ion experiments, therefore the ratio of positive (+) and negative (−) charged particles normalized by total number of charged particles under consideration for a fixed centrality class of events is used to measure fluctuation strength. Generally variable D is used to measure the fluctuation strength [16] . The value of D is predicted to be approximately four times smaller in the QGP phase as compared to the hadron gas phase [16] . However, the D-measure has been found to be dependent on detection efficiency. We use another variable, ν (±,dyn) to measure the fluctuation strength. The ν (±,dyn) is found to be robust and independent of detection efficiency. It is defined as:
where N + is the number of positive particles and N − is the number of negative particles measured within the experimental acceptance. The measure of the relative correlation strength of ("++," "−−," and "+−") charged particle pairs is represented as ν (±,dyn) . The relation between D and ν (±,dyn) is given as [16] 
The values of ν (±,dyn) need to be corrected for global charge conservation and finite net charge effect [17, 18] . However, in the present study we have refrained from applying these corrections to our estimated ν (±,dyn) values.
III. ESTIMATION OF ν dyn IN HIJING AND URQMD MODELS
In this section, we briefly discuss the two different heavy-ion models such as HIJING and UrQMD event generators used in this paper. The HIJING (V.1.37) and UrQMD (V.1.30) are used for the estimation of ν (±,dyn) observable. Both HIJING and UrQMD models are the Monte Carlo event generators extensively used to explain the experimental data from high energy nucleon-nucleon and nucleus-nucleus collisions. These models provide a baseline to compare with the experimental data.
HIJING is a perturbative QCD (pQCD) model based on the assumption of independent production of multiple minijets with initial and final state radiation in the collisions [19] . The produced mini-jets are then transformed into string fragments and subsequently, fragments into hadrons. The model also incorporates the multiple jet processes and the nuclear effects such as multiple scattering, parton shadowing and jet quenching. PYTHIA is used to generate the kinetic variables for each hard scattering and the associated radiations, and JETSET is used for string fragmentation. The cross-sections for hard parton is calculated using leading order in order to account for higher order corrections. The soft beam jets are modeled using the diquark-quark strings with gluon kinks induced by soft gluon. The HIJING model considers the nucleus-nucleus collisions as a superposition of nucleon-nucleon collisions.
The UrQMD model is based on microscopic many body approach, which can be applied to study nucleon-nucleon, nucleon-nucleus and nucleus-nucleus interactions at relativistic energies [20] . This model considers the microscopic transport based on covariant propagation of color strings, constituent quarks and diquarks with mesonic and baryonic degrees of freedom. Conservation of baryon number, electric charge, and strangeness number are preserved in the model. The phenomenology of hadronic interactions at low and intermediate energies ( √ s N N < 5GeV) describes in terms of the interactions between known hadrons and resonances. At higher energies, the multiple productions of particles describes in terms of the excitation of color strings and their subsequent fragmentation into hadrons [20] . The model also considers the resonance decays, multiple scattering between hadrons during the evolution including baryon stopping phenomena, which is one of the important feature of heavy-ion collisions especially at lower collision energies [20] . The UrQMD model has been applied successfully to study the thermal properties of the medium [21] , hadron yields [22, 23] , real photon and dilepton production [24] , and event-by-event fluctuations and particle correlations [18, [25] [26] [27] [28] [29] [30] [31] . A phase transition to a quarkgluon phase is not explicitly incorporated into the model dynamics.
It is to be mentioned that the measured values of fluctuation strength (ν dyn ) depend on the width of the acceptance window, on the primordial mechanisms leading to +ve and −ve particle production, radial transport (flow), diffusion, etc. Such effects are not explicitly taken into account in the both HIJING and UrQMD models.
IV. RESULTS AND DISCUSSION
The measured fluctuations may get diluted in the expanding medium due to the diffusion of the charged hadrons in the rapidity space [10] . The dissipation of fluctuations occurs during the evolution of the system from hadronization to their kinetic freeze-out. Hence, the experimental measurements of not only the magnitudes of fluctuation quantities at a fixed ∆η but also their dependence on ∆η enable us to explore various aspect of the time evolution of the hot medium and the hadronization mechanism. It is proposed to study the fluctuations of identified particle species and estimate the rate of diffusion in different rapidity interval for the measured particles at various centre of mass energies ( √ s N N ) available at BNL (RHIC). , characterizes the diffusion parameter at freeze-out that accounts for the broadening of the rapidity distributions due to interactions and particle production. We have calculated the diffusion coefficients at √ s N N = 7. 7, 19.6, 27, 39, 62.4 and 200 GeV for all charge and the identified particles which represent the proxy for the conserved quantities (net-baryon, net-electric charge and net-strangeness) from both HIJING and UrQMD models. The slope of the fit function decreases with increasing particle mass. The ∆η dependence of N ch ν (±,dyn) for net-proton is qualitatively different in both HIJING and UrQMD models, whereas net-charge, net-pion and net-kaon have similar behavior in both the models. In the case of UrQMD model, the N ch ν (±,dyn) values of net-proton flattened at higher ∆η with increasing √ s N N . Hence, the N ch ν (±,dyn) as a function of ∆η for net-proton not able to fit with Erf(∆η/ √ 8σ) function unlike pions and kaons. Figure 3 shows the diffusion coefficient as a function of ∆η window for net-charge, net-pion, net-kaon, and net-proton for (0-5%) centrality in Au+Au collisions at √ s N N = 200 GeV. The σ values are obtained by fitting the N ch ν (±,dyn) up to different ∆η range with the error function. In both the HIJING and UrQMD models, the diffusion coefficient for net-charge and net-pion are independent of ∆η window and match with each other. In HIJING model, the diffusion coefficients of net-kaon and net-proton show small ∆η dependence. The σ values of net-proton are systematically above, whereas σ values of net-kaon are systematically below the net-charge and net-pion values at all ∆η windows. In case of UrQMD model, the σ values of net-kaon are higher than net-pion and net-charge. Due to the qualitatively different nature of curvature of N ch ν (±,dyn) as a function ∆η for netproton in UrQMD model, it was not possible to extract the σ values.
The extracted values of diffusion coefficient of net charged and identified particles as a function of √ s N N are shown in Fig. 4 from both HIJING and UrQMD models for (0-5%) centrality in Au+Au collisions. The resulting values of σ are obtained by fitting the N ch ν (±,dyn) values up to ∆η = 3.5 for 7.7GeV, 4.5 for 19.6GeV, and 5.0 for 27-200GeV respectively with the error function. The σ values for net-charge and net-pion are close to each other at all the studied energies. The σ of net-proton and net-kaon are closer to each other and systematically higher than net-pion at all energies in both the models. We observe that the diffusion coefficients are constant as a function of studied collision energy range √ s N N = 7.7 to 200 GeV.
V. SUMMARY
In summary, we have studied the fluctuations of netcharge, net-pion, net-kaon, and net-proton using the N ch ν (±,dyn) observable within the ambit of HIJING, and UrQMD models at different collision energies available at BNL (RHIC). The N ch ν (±,dyn) values are estimated up to higher ∆η window. In case of net-proton in the UrQMD model, the curvature of N ch ν (±,dyn) values as a function of ∆η shows different behavior. The diffusion coefficient (σ) has been estimated by fitting N ch ν (±,dyn) as a function of ∆η with the error function. It is found that, the σ values are independent of collision energies. The σ values of net-kaons and net-protons are systematically higher than net-pion at all the studied energies. This study emphasizes the particle species dependence of diffusion coefficient and provides a reference baseline for comparison with the experimental data.
